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Introduction to Matlab.

Basic data types.

Matlab programming.

Advanced data types.

Code Optimization.

Graphical representation.
Developing standalone applications.
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Matlab programming.
Advanced data types.
Code Optimization.
Graphical representation.
Developing standalone applications.
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- ;What is Matlab?
— Matlab = Matrix Laboratory.

— Interactive program for mathematical operations
and graphical representation

— Company: The Mathworks Inc (Natick, MA).
http://www.mathworks.com

— Created in California by Jack Little and Cleve
Moler in 1984, for matrix computation without the
need of background in programming (no loops).
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Platforms that run Matlab

— Operating systems
« Unix: Linux, solaris, HP-UX
« Mac OS X
« MS-Windows

— Arquitectures
- RISC: Sparc, HP-PA
- PowerMac (G4, G5)
- Intel Pentium(lll, IV, Xeon, M), AMD (Athlon, Opteron)
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- Matlab 5
— Good graphics (2D, 3D)
— PC: uses all available memory
- Matlab 6
— Development environment. Java interface.
— 3D matrices, structures, cell arrays

- Matlab 7
— Improvements in environment and Simulink
— Matlab compiler with OOP
— Optimized interger computation
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File Edit Debug Desktop Window Help
DS | & BB o o |8 f| 2| curentoiectory: [comatLaszorwork = .

Shortcuts (2] How to Add (2] What's New

Workspace a X -Figures-Figurel 2 X F
WEH@ER -7 0DsE8 MRANS(E 08|80 BOE &0 x Iguras
%ame A I Yalue Peaks
% <20%20 double> :
[ T N :
_— : : ‘ “‘ \ “
: ’ \ose ey
/ : III"' "’ “\\\\\ ,3!':{”/#':'“‘ s
,,,
2 N (K7 %
Workspace ‘ ’0,
Kl | i
Current Directory | Workspace I
Command History 2 X
—txt=norbres ;I
—matriculas
—whos
[matriculas Command Window
—whos _ ;
command history « —i - 1/3%exp(-(x+1).°2 - ¥.72)
—ymed(12)
—xmed(12) >> x=rand(20);
—%-- 11/13/04 85:28 AM --— >> plot (x(4,1:20), 'DisplayNawe', 'x(4,1:20)', '¥YDataSource', 'x(4,1:2C Command W|nd0W
Lver >> plot (x(4,1:20), 'DisplayName', 'x(4,1:20)', 'YDataSource', 'x(4,1:2C
%-- 11/13/04 8:30 AM —--: >> peaks
Lloent;'h /
-— 11/26/04 4:38 PM —- zZ = 3%(1-X)."2.%exp(-(X."2) - (y+1).°2) ... /
peaks - 10*(x/5 - x.”3 - 7.”5).%exp(-X."2-7.72)
x=rand(20) ; - 1/3%expi(-(x+1) .72 - 7."2)
plot (x(4,1:20), 'Disp | |
peaks vI >> | B
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Matlab 7

Access to prewous commands as you type

Command Window

- 1/3%exp(-(x+1) .72 - 7."2)

>> X=rand(20)

>> pl ), 'DisplayName', 'x(4,1:20)', '¥YDataSource', 'x(4,1:2C
sy pl| ), 'DisplayName', 'x{4,1:20)', 'YDataSource', 'x(4,1:2C
>> pe| PERRY
percept
z = |perl exXp (- (X.72) - (g+1).72)
~ [IESERE ~3 - g.°5).%exp(-X."2-7.°2)
_ | permute L1y .2 - §.°2)
persistent

>> pe |
ﬂ N l b

You type: PE TAB
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Insti

File Edit WYiew Graphics Debug Desktop Window Help N | 2 X
== R e HODBE =0
1 | 2 3 4 | 5 | B 7 8
1 0.95013| 0.057891 0.83812 0.49655 0.79432 0.58279 0.41537 0.6833
2 0.23114 0.35287 0.01964 0.89977 0.95684 0.4235 0.305 0.2125¢
3 0.60684 0.81317 0.68128 0.82163 0.52259 0.51551 0.87437 0.8392.
f) oelom s, s | 0 Do
8] 07621 020277 050 Copv CtrC 0.97084] 02071
7 0.45647 019872 07 "= Chri+¥ 0.99008 0.607:
_3J| 0.018504 0.60379 4 Paste Excel Data Ctrl+-Shift+Y 0.78886 0.6298¢
9] 0.82141 0.27219 030  Insert... 0.43866 0.3704¢
10 0.4447 0.19881 0.1 pelete... 0.49831 0.5751¢
1" 0.61543( 0.015274 0.1¢ Clear Contents Delete 0.21396 0.4514.
12| 0.79194 0.74679 0.6¢ S - 0.64349 0.04389¢
13 0.92181 0.4451 0.30 T 0.32004, 0.02718
14 0.73821 0.93181 ! Plot selected columns 0.9601 0.3126¢
15 017627 0.46599 0.1¢  bar (x{4:17,2:3)) K 0.72663| 0.01286:
16) 0.40571 0.41865 0.t  imagesc (x(4:17,2:3)) 0.41195 0.3839,
17 0.93547 0.84622 0.3  contour (x{4:17,2:3)) 0.74457 0.6831.
18 0.9169 0.52515 0.8 surf (x(4:17,2:3)) 0.26795  0.09284:
19 0.41027 0.20265 0.85  ech (x(4:17,2:3)) 0.43992| 0.03533¢
20 0.89365 067214 0.5¢ More PI 0.93338 0.612

o ore Plots...
22 v
& | )
4

« Immediate data plot

Tamano maximo
de la matriz:
524288 elementos
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. Debtijg‘r'iA conditional Breakpoints

Editor-C:\MATLAB?Ol\work‘-.,calculo.m 2 X
DS H it BRo | S 8Ff 88 DADQxm. x| ?0O=x
1 function Calculo ;‘
2 %
3 % Help de la funcidn
4 %
5
6 $%%eccidn 1, mensaje inicial
7 $Esto es la seccidn 1
8 - fprintf('Hola, estoy al principio de la funcidni\n'):;
9
10 $%S%eccidn 2, muestro nameros
11 Lo hago con un for _
12 =  for i=1:10 «):MATLAB Editor x|
1 EPEAnEL L Gt Sed) 4 File C:MATLABTO1 workicalculo.m
14 -l end
15 - fprintfi(''n'); Condition for line 13 (for example, x ==1):
niz @ [i==
17 $%S%eccidn 3, final
18 ¥Adios Note: the condition will be checked before the line is executed.
19 - fprintf('idios'\n'):;
= OK I Cancel | Help |
Figures Editorl
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Matlab 7

Executlon by sectlons of code (ceII%enabIe cell mode)

«):MATLAB o ] 3
File Edit Text Cell Tools Debug Desktop Window Help
(== | & B o o | | - ﬁ | @ | Current Directory: |C:NATLAB?011work LI J

Shortcuts (2] How to Add  [2] What's New

StackIBa I BEHI]ESI_?‘X

Dmmxhﬁnm
Q',E[’@la| -I. +|+I11 X

8 $3eccidn 1, mensaj Sinicial :_I
. . | Increment value near cursor and evaluate cell|
3Esto es la secciliobr——r

oo odb

o4 v

10 = fprintf('Hola, estoy al princ io de la funcidnin'):;
11
12 %% Cell 2
13 $8eccidn 2, muestro nuwmeros
+Lo h . . . .y .y
Ejecucion | - .a'fc‘““ wEer _Permite repetir la ejecucion de una seccion
- or i=1:pg . . :
: . _ . T cambiando un parametro de la misma.
Secclion por 16 fprintf{'sd ', 177 p
v ilw = end
seccion 18 -  fprintf('in'); ~Parametro que estamos retocando
19 . . .
Resul I ion I ion
J compettivorm % | evaluam x| FechaCambiom x| prueba2m % | pruebam ><|| calculo.rq/ esu tado de a eJeCUC 0 de a Secclo
/7
Command Window / 2 X
e e T s —
1234567889 10 11 12 13 14 _I
123 4567889 10 11 12 13 14 15
1234567809 10 11 12 13 14 15 16
123456789 10 11 12 13 14 15 16 17
123 456789 10 11 12 13 14 15 16 17 18
123456789 10 11 12 13 14 15 16 17 18 19
123456789 10 11 12 13 14 15 16 17 18 19 20
1234567809 10 11 12 13 14 15 16 17 18 19 20 21
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Instituto de Inve | - =
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- Execution/Debugger by sections of codigo (Cell Mode)
- Automatic Documentation generation
- Code optimization with M-Lint and profiler (see chap6)
- Better automatic code generation from Simulink
- Interactive plot tool (see chap6)
« Function textscan to read text files
- Computing support for integer variables
— Smaller matrices, faster code - very useful for image processing

- Editor with international characters support
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File Edit Debug Desktop Window Help

DE| & BB o o | 8| 2| curentdiectory: [comatLasrorwork =[]
Shortcuts (2] How to Add  [2] What's New
Workspace FE'd@  Command Window 2 X
T B » ptalaly -~
& @ @ B @ 'IBase vI 277 x=zeros6,2)
Name £ | Walue |

ans [1.1621.532 056 Error: Unbalanced o used parentheses or bhracRe
Ei o > (3,5)

X=ones
A « <3%5 double> g Command
EZ <bx2 douhle> % = Wlndow
>> 252

Rl | o]
Current Directory | Workspace I
Command History 2 X

help Lextscan :l

—hench

—help

—help bhench

—saveworkspace

—save workspace >> X=0

—save kk x,1

—save kk x 1 X =

—x=ones(3)

—x=ones (3,5)

—xX=zeros6,2) 1 1 1 1 1

—x=ones (3, 5) 1 1 1 1 1

—z=z2Zeros(6,2)

—x=ones(3,5) v || > v
K1 2 K I »

4 stml y Matlab Course
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Basiccommands

 ver —2version number, license code and toolbox
versions

— License 46431: Research
— License 205966: Only for teaching
* whos —>list of variables
 save archivo —=>save all variables
 save archivo a b —>save variables a & b
* load archivo -2 load file and create variables
e quit —>exit
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» Matlab includes and editor for writing programs
and functions

Controles del debugger

= Editor - C:\MATLAB701'\workymed_des.m ; -8 -0 x|
File Edit Text Cell Tools Debug Desktop Window Help N | 2 X

N E| ' Bdo | alnsCRA|aaED: -] *0]

—> 2| *BB 8| - [0+ | =1 x| &
function [med,des]=med des(x)

% Funciona para calcular la wedia v la desviacidn a la wvez
% [rmed, des] =med_des (X

—

Ejecucion por secciones
en cell mode

&

% Rafael Palacios (nov/2004) \

- rmed=meanix(:)):;
- des=std(x(:)): \

sintaxis

W - N b W N

4 | Wl

N med_des th 8 Co 1 |owk Y
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«):MATLAB
File Edit Debug Deskiop Window Help

Dw| & BB | K M 2 | [cmatLasrotwork

Shortcuts [2] How to Add  [2] What's jew
Coramand Window

'B 'IBase VI

0 u}
Nate £ [+ 0 o
0 u}

m -
o\ MATLAB »

0. Toolboxes » ‘I )|
Shortcuts
3 Deskkop Tools
@ web

)

)
% Preferences... ) 1 1
4] Find Files... 2

)
J_'ZI >>
'.Q..‘ Demos L4 ﬂ

>> x=onesi(3,5)

4\ start

Start / Help

Instituto de Investigacion Tecnoldgica

* Help in text mode using command line
- help function_name —>displays help for that function

— help can be used with Matlab standard functions and user
developed functions

« Help in graphics mode

Hypertext Help Window

(ol x|
File Edit View Go Favorites Desktop Window Help N
Help Navigator X - = c | é | &4
Contents | Indexl Searchl Demosl Title: I MATLAB® LI

@ Begin Here
&2 Release Notes
Z Installation

J MATLAB Compiler

& MATLAB Report Generator
# Database Toolbox

2 Datafeed Toolbox

& Image Acquisition Toolbox
Z Image Processing Toolbox
Neural Network Toolbox

& Support and Web Senices

MATLAB’
|

Functions: Handle Graphics:
= By Cateqgo! = Object Properties

by Lategory
In Alphabetical Order

Documentation Set

= Getting Started
Introduces MATLAB and gets you started using it

= User Guides
Provides tutorials and comprehensive information about MATLAB

b List of User Guides

= Programming Tips
Pravides helpful techniques and shortcuts for programming in MATLAB

= Examples in Documentation
Lists major examples in the MATLAB documentation

Product Demos

= MATLAB Demos
Presents a collection of demos that you can run from the Help browser to help you learn the
product

v

| What's New

4
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Documentation example

R O %

f(x) = 100(x5—x%) +(a-x1)2

Stan d ard SeCtiO n S This changes the location of the minimum to the point [a,a~2]. To minimize this function for a
specific value of a, for example a = sqrt (2), create a one-argument anonymous function that
captures the value of a.

= ti2):
¢ Syntax ganarslgr= Bi{x)100*(x(2)-x({1)"2)"2+(a-x(1))"2;

. D . t Then the statement
eSC”p |On [%,fval] = frminsearchibanana, [-1.2, 1],

optimset (' TolX', 1le-8));

L Arg u ments seeks the minimum [sqrt(2), 2] to an accuracy higher than the default on x.
- Examples

Algorithm

fminsearch uses the simplex search method of [1]. This is a direct search method that does not use
numerical or analytic gradients.

] Algorlth m If nis the length of x, a simplex in n-dimensional space is characterized by the n+1 distinct vectors
that are its vertices. In two-space, a simplex is a triangle; in three-space, it is a pyramid. At each
step of the search, a new point in or near the current simplex is generated. The function value at the
L' t t new point is compared with the function's values at the vertices of the simplex and, usually, one of
Iml a |OnS the vertices is replaced by the new point, giving a new simplex. This step is repeated until the
diameter of the simplex is less than the specified tolerance.

« See Also Limitations

fminsearch can often handle discontinuity, particularly if it does not occur near the solution.
fminsearch may only give local solutions.

° erences

fminsearch only minimizes over the real numbers, that is, ¥ must only consist of real numbers and

F(X) must only return real numbers. When X has complex variables, they must be split into real
and imaginary parts.

S
ve
N 50\“0 See Also
Qeé‘o fminbnd, optimset, function_ handle (@), anonymous functions
e\
aeN References

[1] Lagarias, J.C., J. A. Reeds, M. H. Wright, pnd P. E. Wright, "Convergence Properties of the
Nelder-Mead Simplex Method in Low Dimensjgns," SIAM Jowrnal of Optimization, Vol. 9 Number 1,
pp. 112-147, 1998

=
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— User's Guide [HTML, PDF]
— Reference Guide [HTML, PDF]
— Demo Programs

«):MATLAB -10] x|

File Edit Debug Desktop Window Help

D@ | & BB o o |8 f| 2| [cwmaiasrotwork = .| &

Shortcuts [2] How to Add (2] What's New

Workspace F '@ ll Command Window 3
': v IBase VI > -
MName 2 | 5 0 0
H ans [l 0 0
sk v
4\ MATLAB » .I_I >> x=ones(3,5)
] 4\ Database »
(7] shortcuts » <\ Datafeed »
ﬁ“&‘ Desktop Tools  » 41 Image Acquisition P
@& web Y <) Image Processing kb Image Tool (imtool) 1
% Preferences... o\ Neural Network €2 Help X
@ Find Files... | '23 Q Demos
€ Help 5]_'j 5> & Product Page (Web) _IZI
Q Demos » Ki| | »
|4\ start p

— Demo applictions (called tool) ready to use

- Specific libraries for different scientific topics. Include:

) Image Tool 1 - mit
File Tools Window Help

Toolboxes

FELOREEYY

100% Zl

Adjust contrast

Pixel info: (X, ¥) Intensity

Display range: [1 199]

Matlab Course
Rafael Palacios - IIT




MATLAB Version 6.5.0.180913a (R13)
MATLAB License Number: 46431

MATLAB

Simulink

Control System Toolbox

Fuzzy Logic Toolbox

Image Processing Toolbox

MATLAB Compiler

MATLAB Web Server

Mu-Analysis and Synthesis Toolbox
Neural Network Toolbox

Nonlinear Control Design Blockset
Optimization Toolbox

Real-Time workshop

Robust Control Toolbox

Signal Processing Toolbox
System Identification Toolbox
>> date

ans =

27-Nov-2004

SB2SL (converts SystemBuild to Simu...

version
version
version
version
version
version
version
version
version
version
version
version
version
version
version
version

Operating System: SunOS 5.8 Generic_108528-29 sun4u
Java VM Version: Java 1.3.1_02 with Sun Microsystems Inc. Java HotSpot(TM) Server VM

UIOCNNUINRE DWRWWNUTUTO

OCOUIOONREFEOONONRLENOW

OAONNN

(R13)
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Advanced data types.

Code Optimization.

Graphical representation.
Developing standalone applications.
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- Matlab doesn’t require to declare variable or to
specify the size of arrays

— Variables are auto-declared when assigned
— Memory is reallocated automatically

>> X=5
>> Y= 20 \ using ;' the value is assigned but the result is not diplayed
>> Z=X* Y

2=

100

without ;' the final result is shown

>> a=]load('data.txt');
>> st='hola';

Instituto de Inv tg 6n Tecnologica
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- Matlab considers that all variables are matrices
« Vectores and scalars are special cases (size 1).

Some examples on how to initialize row vectors

>> x=[1,2,3,5,7,11,13]; =
> x=[12 357 11 13]; =

>> y=1:5;
>> even=2:2:10;
>> odd_down=9:-2:1;

>>a(5)=7;

e

5 7
5 7
4 5 |
8 10
3 1 ]
0 7

O ~NBAN NN
S uviIoOw WwWww

© ONR RBR

N2 2\ 2\
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Some examples on how to initialize column vectors

>> x=[1;2;3;5;7;11;13]

>> x=[1,2,3,5,7,11,13]";

— \

transpose
row vector

Instituto de Investigacion Tecnoldgica
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Examples on how to initialize matrices 31- E g
>>M=[123:456; 7 809]: 1 |7 8 9
>> ceros=zeros(2,5); . ./0 0 0 0 O
] 0 0 0 0 O
>> unos=ones(3,4); 1 1 1 1
1 1 1 1
1 1 1 1
>> M2=[ 20, 21, 22; M];
>> M2=[[20, 21, 22]; M]; 20 21 22
1 2 3
>> M3=[ [15;16;17], M]; —| 4 5 6
7 8 9
>> aleatorio=rand(20,30);:
>> normal=randn(20,30);
~_ | 15 1 2 3
16 4 5 6
17 7 8 9
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Accessing elements of amatrix

- Matlab uses parenthesis () to access elements
of a matrix

« Indexes start at 1, so the first of matrix mat is
mat(1,1)

- Example: a(3,5)=56.8;

0.1737 0.3421 0.6391 0.1632 0.2313
0.7858 0.7742 0.0934 0.2763 0.8453
0.3656 0.1478 0.9288 0.1310 0.7264

0.7769 0.1482 0.4851 0.0232 0.6947 \

0.1737 0.3421 0.6391 0.1632 0.2313
0.7858 0.7742 0.0934 0.2763 0.8453
0.3656 0.1478 0.9288 0.1310 56.8000
0.7769 0.1482 0.4851 0.0232 0.6947

Instituto de Investigacion Tecnoldgica
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Instituto de Investigacion Tecnoldgica

+ Vectors can be used to specify the indexes

- Example 1: a(2:3,1:4)=zeros(2,4);
also: a(2:3,1:4)=0;

Accessing elements of amatrix

0.1737 0.3421 0.6391 0.1632 0.2313
0.7858 0.7742 0.0934 0.2763 0.8453
0.3656 0.1478 0.9288 0.1310 56.8000
0.7769 0.1482 0.4851 0.0232 0.6947

0.1737 0.3421 0.6391 0.1632 0.2313

0 0 0 0 0.8453

0 0 0 0 56.8000

0.7769 0.1482 0.4851 0.0232 0.6947

Escuela Técnica Superior de Ingenieria (ICAI)
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o bien: a([2,3],[2,4]1)=1;

» Ejemplo 2: a([2,3],[2,4])=0ones(2,2);

0.1737 0.3421 0.6391 0.1632
0 0 0 0
0 0 0 0
0.7769 0.1482 0.4851 0.0232

0.2313
0.8453
56.8000
0.6947

—~

Accessing elements of amatrix

0.1737 0.3421
0 1.0000
0 1.0000
0.7769 0.1482

0.6391 0.1632
0 1.0000
0 1.0000
0.4851 0.0232

0.2313
0.8453
56.8000
0.6947

Instituto de Investigacion Tecnoldgica

Escuela Técnica Superior de Ingenieria (ICAI)
Universidad Pontificia Comillas

Matlab Course
Rafael Palacios - IIT



» The symbol ' :

elements in the matrix”, etc.

0.1737 0.3421 0.6391 0.1632 0.2313

0.7858 0.7742 0.0934 0.2763 0.8453

0.3656 0.1478 0.9288 0.1310 56.8000

0.7769 0.1482 0.4851 0.0232 0.6947
a(:,2)

size(a(:,2)) = [4 1]

Instituto de Investigacion Tecnoldgica

a(:)

Accessing elements of amatrix

means “all elements”
- It may be used as “all elements in row” or “all

a(3,:)
= size(a(3,:)) = [1 5]

- all elements

size(a(:)) > [20 1]
returns a column vector

Escuela Técnica Superior de Ingenieria (ICAI)
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« The operator' end’' means “last element"
— Example: Vector of differences

>> t=1:0.1:2;
>> y=s1n(2*pi*t);
>> differences=[NaN; y(2:end)-y(l:end-1)];

t= 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00

y ={ -0.00 0.59 0.95 0.95 0.59 0.00 -0.59 -0.95 -0.95 -0.59 -0.00

differences = NaN 0.59 0.36 0.00 -0.36 -0.59 -0.59 -0.36 -0.00 0.36 0.59

Instituto de Investigacion Tecnoldgica

scuela Técnica Superior de Ingenieria (ICAI)

E
Universidad Pontificia Comillas Matlab .Course
Rafael Palacios - IIT



* Arithmetic operators: + - * / A

— Matlab works with matrices, in contrast with other
programming languages that only work with scalar values

>> a=rand(2,5);
>> b=rand(5,2);
>> Cc=a*b;
>> d=b*a;

% matrix 2x2
% matrix 5x5

mn = magic(4);

- Operations element-by-element: + - .* ./ A

16 2 3
5 11 10
9 / 6
4 14 15

mn*mn
mnA2
8
12

Instituto de Investigacion Tecnoldgica

1 mn.*mn
mn.A2

345 257 281 273
257 313 305 281
281 305 313 257
273 281 257 345
256 4 9 169
25 121 100 64
81 49 36 144
16 196 225 1
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« Sum: sum

>> b=sum(A) ; % if A is a matrix, add elements by column. b is a row vector
>> c=sum(b) ; % if b es vector, all elements are added. c is a scalar

>> c=sum(sum(a)); % addition of all elements in a
>> c=sum(a(:)); % addition of all elements in a

« Mean and stander deviation: m=mean(A);
sigma=std(A);

- Elements of the diagonal: v=diag(A);

« Left division: X=A\B theleast squares solution for Ax = b is obtained by means of x = A\ b
« Determinant. c=det(A);

* |nverse: B=1nv(A);

- Eigenvalues: v=ein(A);

- Absolute values, or complex module: B=abs (A) ;
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* Trig: sin, cos, tan, asin, acos, atan, sinh,
cosh, tanh, asinh, acosh, atanh

* Rounding: floor, ceil, round, fix
 Modular: rem, mod

- Exponential: exp, log, log2, Togl0, sqrt
 Primes: factor, primes
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- |t can manage special values like inf
(infinity) y NaN (not-a-number)

- Complex number are used
automatically when needed.

Instituto de Investigacion Tecnoldgica

- Matlab uses type double according to the IEEE standard

>> a=123/0
warning: Divide by zero.
a =

Inf

>> b=0/0
garning: Divide by zero.

NaN
>> Inf-Inf
ans =

NaN

>> c=15+sqrt(-1)
C =
15.0000 + 1.00001
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- Real matrices
— double realmin>2.2251e-308, realmax->1.7977e+308, eps—>2.2204e-016

— single  realmin>1.1755e-038, realmax->3.4028e+038, eps>1.1921le-007

* Integer matrices
— Int8, uint8
— Int16, uint16
— Int32, uint32
— Int64, uint64

 Other types
— char
— logical
— cell
— Struct
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» Sparse matrices stored as sparse safe memory

and computer faster

s = sparse(1000,1000);
s(2,11) = 2;
s(992,875) 3;
s(875,992) 4.7;

- All mathematical operations are executed using
sparse algorithms.

* When they are not really sparse, they are
automatically converted back to normal matrices

s=s+3; % S is not sparse anymore
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Introduction to Matlab.

Code Optimization.
Graphical representation.

1.
2
5
6
7. Developing standalone applications.
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- One script is a sequence of instructions that
matlab can save ina .m file

sScript de ejemplo

a=magic (4) ;

traza=sum(diag(a)) ;

©)

%% Resultado
fprintf ('La traza vale: %f\n',traza)

ejem_script.m

- It is executed by the filename: >> ejem_script
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- Matlab functions can receive several arguments and
they can also return several results:
[m,d]=med_des(x);

* Functions can have optional arguments

mit=imread('cameraman.tif', 'TIFF');
mit=imread('cameraman.tif');

» Itis not necessary to assign all results
[mit,map]=imread('imageman.gif');
mit=imread('imageman.gif');
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* Functions are also written in .m files that must me
located in the current working directory (or a
directory specified in the path)

function [med,des]=med des (x)
% Funciona para calcular la media y la desviacidén a la vez
% [med, des]=med des (x)

3

% Rafael Palacios (nov/2004)
med=mean (x(:)) ;
des=std(x(:));

Med_des.m

This is the information that you get if you type: help med_des
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« The variable nargin (local to the function) holds
the number of arguments received.

« The variable nargout (local to the function) holds
the numbers of results that will be used in the
calling functions. Therefore we can skip some
computing sections.

- All arguments work by value, not by reference.
(but it is smart to save time and memory)

Scripts share variables with the
workspace, while functions use local
variables

Instituto de Investigacion Tecnolégica

Escuela Técnica Superior de Ingenieria (ICAI)
Universidad Pontificia Comillas Matlab Course

Rafael Palacios - IIT




* Relational operators: ~= == > < >= <=
* Logical operators:
&& Short-circuit AND
| | Short-circuit OR
& AND
| OR
- There is a function for xor, but not an operator
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. if

ifa>hb

b= tmp,
end

if rem(n,Z)

M = odd magic(n)
e1se1f rem(n,4) ~= 0
else

end

M = s1ng1e even_magic(n)

M = double_even_magic(n)

In contrast with C, Matlab does not requiere parenthesis for the logical expression
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« for loop

for n = 3:32
r(n) = rank(magic(n));
end

a=[];
forn=[12357 11 ]

a = [a, 1sprime(n)];
end
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- while loop

while ~1sprime(x)
X = X + 1;
end
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e switch-case

switch (rem(n,4)==0)+(rem(n,2)==0)
case
M
case
M
case
M double_even_magic(n)
otherwise
error('This 1s impossible’)

odd_magic(n)

single_even_magic(n)

NI o

end

In contrast with C, Matlab doesn’t use break.
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e try-catch

try
statement
statement
catch
statement
statement
end

The instructions between catch and end are only executed in case of error among the
first set of statements. One may use lasterr to get the error code that triggered the
catch section.

Instituto de Investigacion Tecnoldgica

Escuela Técnica Superior de Ingenieria (ICAI)
Universidad Pontificia Comillas

Matlab Course
Rafael Palacios - IIT



1. Introduction to Matlab.

2. Basic data types.

6
7

. Code Optimization.
Graphical representation.
Developing standalone applications.
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Matlab has 15 data types that can be used to
build matrices or arrays

ARRAY
[full or sparse]

logical char NUMERIC cell structure function
handle

I
int8, uints,

int16,u1int16, single double
1nt32,uint32,

int64, uinte4

In addition there are user defined data types for object oriented programming: user classes, y Java classes
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 Decription of the data type

>> type=class(x)

type =
double

>>

» Logica identification int8, uints

sint «— intl6, uintl6
}:}qo§%%;§X) 1nt32, uint32

ischar(x) int64, uint64

islogical (x)\

iscell(x)

isstruct(fecha) 55“‘-\§‘--\\_ .
single

double

isempty([])
isinf(Inf)
isnan(NaN)
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JIype conversion

- Convertion uses the name of the data type as a
function name

>> a=randn(5,7)

-0.4326 1.1909 -0.1867 0.1139 0.2944 0.8580 -0.3999
-1.6656 1.1892 0.7258 1.0668 -1.3362 1.2540 0.6900
0.1253 -0.0376  -0.5883 0.0593 0.7143  -1.5937 0.8156
0.2877 0.3273 2.1832 -0.0956 1.6236 -1.4410 0.7119
-1.1465 0.1746 -0.1364 -0.8323 -0.6918 0.5711 1.2902

>> b=1nt8(a)

b =
Matlab app| .
0 1 0 0 0 1 0 pPplies roundi
_2 1 1 1 1 1 1 Nng while converting to integer
0 0 -1 0 1 -2 1
0 0 2 0 2 -1 1
-1 0 0 -1 -1 1 1
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JIype conversion

- Rounding functions
- round: nearest integer
— floor: rounds towards -Inf
— ce1 1: rounds towards +Inf
— f1x: rounds towards 0

—

>> class(round(3.5)) Does not change the data type
ans =
double Round is useful for indexing with real values

>> b(4.7)
??7? Subscript indices must either be rea\ positive integers or logicals.

>> b(round(4.7))
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- In matlab strings are vectors of character (like in C)

>> str="'Hello world';

>> whos
Name Size Bytes Class
str 1x11 22 char array
Grand total is 11 elements using 22 bytes
>> str(7)
ans =
W

>> str=['H', 'o', '1", 'a'];

>> nombres(1, :)="Rafael';
>> nombres(2,:)="Ana -

=

Variables that contain several names, build a matrix of char in which all the names have the same

length. The conversion function char helps to build such matrix
>> names=char('Rafael', 'Ana');
Using cell arrays it is possible to store several strings of different lengths into one variables
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- Comparing two strings
— The operator == works in vector mode, element-by-element

A = 'fate’;
B = 'cake';

A == B
ans =
O 1 o0 1

— strcmp: compares strings and returns 1 if they are
equal and 0O if differents. (Note that is different that C).

— Other comparing functions: strncmp, strcmpi,
strncmpi
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» Other functions for strings

— strrep: typical find-and-replace
st2=strrep(stl, 'find', 'replace');

- findstr: find a string within another
pos = findstr('find', st);

— strcat: concat 2 or more strings
text = strcat(stl, st2, st3);

— sprintf: builds a string. Equivalent to sprintfin C
st=sprintf(‘I have %6.2f EUR’,my_money);
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« Structures allows matlab to store several variables
of different types under one variable name

>> dot.x=123;

>> dot.y=34;

>> dot.color="red"';
>> dot

dot =

x: 123
y: 34
color: 'red'

— Structures do not requiere previous definition
— Fields access is similar to C
— It is possible to use vectors of structures

>> punto(2) .x=435;
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- |t is possible to use variables to specify the field
name:

>> punto.x=123;
>> punto.y=34;
>> punto.color="red';
>> punto
punto =

x: 123

y: 34

color: 'red'

>> campo='color';
>> punto. (campo)
ans =

red
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- Acell array is used to build vectors in which each element
may use a different data type:

>> c={12,'Red',magic(4)};
>> C

C =
[12] 'Red’ [4x4 double]

>> b{1}=12;

>> b{2}="Red’';

>> b{3}=magic(4);
E> b

121 'Red’ [4x4 double]

— One should use { } instead of [ ] or ()

— The difference with structures is that you may use indexes
instead of field names

— Structures and cell arrays are less efficient that matrices
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 Cell array can be used to build a matrix in which
each element ha a different type:

>> af{l,1} 12;

>> af{l,2} 'Red’;

>> a{l,3} magic(4);
>> a{2,1}=ones(3);

>> a{2,2}=43;

>> a{2,3}="texto';

[ 12] 'Red’ [4x4 double]
[3x3 double] [ 43] 'texto'

>>

is this useful?
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« Using () we can access the element, which is type cell
« Using { } we can access the value directly

>> a

a =
[ 12] 'Red’ [4x4 double]
[3x3 double] [ 43] '"texto'

>> class(a)

ans =

cell

>> class(a(l,1))
ans =
cell

>> class(a{l,1})
ans =
double
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- Database access example (database toolbox)

conn=database('base_de_datos_ODBC', 'usuario', 'password');

query='SELECT to_number (PROD) ,HORA,EST FROM TB_CENT WHERE CENTRAL=''ROBLA'' ';
curs=exec(conn,query);

curs=fetch(curs);

for i=1l:size(curs.Data,l)
producciones(i)=curs.Data{i,1};
horas(i)=curs.Data{i,2};
destados(i)=curs.Data{1’,3};
en

close(curs);
close(conn);

Instituto de Investigacion Tecnoldgica

Escuela Técnica Superior de Ingenieria (ICAI)
Universidad Pontificia Comillas

Matlab Course
Rafael Palacios - IIT



Multi-dimensional matrix

- Matrices of more that 2 dimensions are called
Multidimensional Arrays

- Matlab support all matrix operations in N
dimensiones

A(2,3,2)
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Multi-dimensional matrix

>> c=imread('autumn.tif');
>> whos ¢
Name Size Bytes Class
C 206x345x3 213210 uint8 array

Grand total is 213210 elements using 213210 bytes

>> imshow(c)

>> max(c(:)) ""--_‘__‘5__‘_“~“~‘~‘~‘§~§‘$

ans =

248 \\\\\\\
todos los elementos

>> gris=(c(:,:,1)+c(:,:,2)+c(:,:,3))/3;

>> imshow(gris)
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- Matlab can use dates and times in three formats:
— strings
— numeric value (number of days since 1/ene/0000)
— numeric vector [year, month, day, hour, min, sec]

Date Format Example

Date string 02-0ct-1996 date
Serial date number | 729300 now
Date vector 1996 10 2 0 0 O clock

» |t takes into account leap years
* |t does not take into account UTC/local time or DST
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« Date/Time onversion functions

Function | Description

datenum | Convert a date string to a serial date number.

datevec | Split a date number or date string into individual date elements.

- Examples

datestr | Convert a serial date number to a date string. «—— youcanuse fprintf

function fecha corregida=FechaCambio (fecha calculo,dias)

$0Obtiene una nueva estructura de fecha adelantando o retrasando dias
$function fecha corregida=FechaCambio (fecha calculo,dias)

Rafael Palacios Nov/2004

o° o o° o° o° o°

fecha num=datenum(fecha calculo.aNo, fecha calculo.mes, fecha calculo.dia);
fecha num=fecha num+dias;

fecha vec=datevec (fecha num);

fecha corregida.aNo=fecha vec(1l);

fecha corregida.mes=fecha vec(2);

fecha corregida.dia=fecha vec(3);

fecha corregida y fecha calculo son estructuras con los campos dia, mes, aNo.

Ejemplo: function fecha corregida=FechaCambio (fecha calculo,-1); %dia anterior
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Introduction to Matlab.
Basic data types.
Matlab programming.

1.
2

3.
/

. Graphical representation.
Developing standalone applications.
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- Basic functions to measure execution time
- t1c & toc measure elapsed time in seconds

>> tic; inv(@inv(inv(randn(1000)))); toc
Elapsed time is 10.015000 seconds.

tic
for k = 1:100
-- programa rapido --
end
toc

— cputime measures CPU time in seconds

>> t=cputime; inv(inv(inv(randn(1000)))); e=cputime-t
e =
9.5137

Instituto de Investigacion Tecnoldgica

Escuela Técnica Superior de Ingenieria (ICAI)
Universidad Pontificia Comillas

Matlab Course
Rafael Palacios - IIT



Graphical mode:

>> profile viewer

 profiler generates a report of the

performance of the code .

>> profile on

>> inv(inv(inv(randn(1000))));
>> profile off

>> profile report

«): Profiler i =] .3
File Edit Debug Desktop Window Help ~
4 S8 A

Start Profiling Run this code: v 0 Profile time: 34 sec

Profile Summary
Generated 12-Dec-2004 01:21:47 using real time.

Function Name Calls Total Time Self Time*  Total Time Plot
(dark band = self time)

in_V(Bu“tin-functign) 3 9504 s 9504 s ]
randn (Builtin-function) 1 0070 s 0070 s I

display (Builtin-function) 1 Os 0.000 s
profile=Parselnputs 1 0s 0.000 s

Self time is the time spent in a function excluding the time spent in its child functions. Self
time also includes overhead resulting from the process of profiling.

Profiler detects the function that
it is worth improving.
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e M-L1nt is used to analyze the code and
automatically detect possible improvements.

% M-Lint Code Check Report - 10| x|
File Edit View Go Debug Desktop Window Help ~
= O 5 M
M-Lint Code Check Report
Report for file C:\MATLAE70l\work\prueba
C:\MATLAB701\work\prueba.m
1 7: Array 'c' is constructed using subscripting.
message Consider preallocating for speed
7/

Instituto de Investigacion Tecnoldgica

Escuela Técnica Superior de Ingenieria (ICAI)
Universidad Pontificia Comillas

Matlab Course
Rafael Palacios - IIT



* Loops are slow in Matlab

>> tic, for t=1:100, prueba, end, toc
Elapsed time is 3.856000 seconds.

>> tic, for t=1:100, prueba2, end, toc
Elapsed time 1is 2.554000 seconds.

>> tic, for t=1:100, suma=sum(z(:)); end, toc
Elapsed time is 1.893000 seconds.

sprueba? sprueba
suma=0; suma=0;
for 1=1:1000 for 1i=1:1000
for 3j=1:1000 for jJ=1:1000
suma=suma+z (j,1); suma=suma+z (i, J);
end end
end end
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 Preallocation avoids dynamic memory allocations

500)(

>> tic, prueba, toc
Elapsed time is 54.589000 seconds.

>> tic, for t=1:100, prueba2, end, toc
Elapsed time is 10.846000 seconds. T

500 veces mas rapido!!!!

Sprueba?
z2=ones (size(z));
for 1=1:1000
for 3J=1:1000
z2(3,1)=z(3,1);

Sprueba
for 1i=1:1000
for J=1:1000
22(3,1)=2(3,1);
end

d
en end

end

Nota: Estos tiempos no mejoran utilizando el compilador porque son retrasos del sistema operativo, no de
Matlab. En Unix el coédigo malo es 50 veces mas lento, en lugar de 500 veces mas lento.
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loop

the values "true"

Example: find pixels with values larger that 200

>> tic, for t=1:100, prueba, end, toc
Elapsed time is 6.0 seconds.
Elapsed time is 0.06 seconds.

tic, for t=1:100, z=c>200; sum(z(:)); end, toc
Elapsed time is 0.044 seconds.

>> tic, for t=1:100, Tength(find(c>200)); end, toc

N

» Very often it is possible to use f1nd instead of a

1C”b(

— f1nd returns a vector of indexes corresponding to

MacBook Pro: Intel Core 2 Duo 2.26 GHz
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Sprueba

num=0;

for i=1:
for

end
end

imagen

size(c, 1)
J=1l:size(c,2)

for k=1:

size(c, 3)

if c(i,3,%k)>200

end
end

num=num+1;
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Example2: Set to zero all pixel with a value larger that 200

>> c=imread('autumn.tif'); 100)(
>> tic, for t=1:100, my_loop, end, toc
Elapsed time is 5.6 seconds.

>> c=imread('autumn.tif');
>> tic, for t=1:100, c(find(c>200))=0; end, toc
Elapsed time is 0.06 seconds.

>> tic, for t=1:100, c(c>200)=0; end, toc
Elapsed time is 0.05 seconds.

my_loop

c>200 generates a 3D matrix of true or false sprueba imagen

for i=1l:size(c, 1)
find(c>200) generates a vector with the indexes of true for 3=1: 51ze (c,2)
c(find(c>200)) is equivalent to say c([23, 267,...]) for k=l:size(c,3)

if c(i,3,k)>200
(c>200) is a vector of the same size as c full of logical values c(1,3,Kk)=0;
that can be use as indexes. end
end
end
end
MacBook Pro: Intel Core 2 Duo 2.26 GHz
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Other useful functions similar to find:

- al1: determines if all elements are nonzero
e If all(Aa>0.5)

- any: determines if any element is nonzero
e If any(A>0.5)

— reshape: rearrage the elements of a matrix to a different
matrix shape.

— sort: sorts elements and obtains the indexes

function x=aleat (rango)

%% function x=aleat (rango)

% Genera una lista de numeros aleatorios no repetidos de tamafio rango
z=rand (1, rango) ;

[s,x]=sort(z);
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* Functions treat variables by value

— There are many calls of this type:
my_date=NextDay(my_date) ;

— Functions that transform matrices are very
inefficient

Although variable are used by value, Matlab is smart enough to treat them by reference (more efficient)
if they are not modified inside the function.
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* In general using global variables is not
recommended for code clarity. However it can
improve the efficiency if working with large
matrices.

global GRAVITY
GRAVITY = 32;
y = falling((0:.1:5)");

function h = falling(t)
global GRAVITY
h = 1/2*GRAVITY*t.A2;
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1.
2.
3.
4.

6.

Introduction to Matlab.
Basic data types.

Matlab programming.
Advanced data types.

. Code Otimizationw -

. Developing standalone »appllcatlons
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Create graphlcs

. Matlab can create dlfferent types of graphlcs
— to display data values
— to create images/movies/VR/GIS
— to generate a graphical use interface

ave
Delete a style: | v I Delete I

1999 gering@aimit edu
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Create graphlcs

. Create graphics dlrectly from the matrix edltor

File Edit View Graphics Debug Deskiop Window Help N | 2 X
B4 BR (S| - m| se[e 7] BDBE®0O
1 [ 2 | 3 4 5 & 7 g
1| 095013 0.057891 0.83812] 049655 079482 058279 0.41537| 06833~
2| 023114 035287 0.01964| 0.89977| 0.95684 0.4235 0305 0.2125
(3| 060684 081317] 068128) 082163 052259 051551 087437  0.8392
4 0.48593[ 0.00886130 0.3 ut Contes 0.015009)  0.6267¢
5 0.8913| 0.13889 0.f 076795  0.1337.
6 07621 020277 050 <oP¥ Ctrl+C 0.97084)  0.2071;
7 0.45647| 019872 070 I=tE Chrl+¥ 0.99008 0.607;
8| 0018504| 0B0378 047 Paste ExcelData Ctrl+Shift+y 078886  0.629a¢
9 0.82141 027219 030  Insert... 0.43866  0.3704
10 0.4447| 019881 0.1 pojete... 0.49831 0.5751¢
1 061543 0015274 018 . o o 021396  0.4514;
12| 079194| 074679 OB . 0.64349 0.04389¢
13]  0.92181 0.4451  0.3( 0.32004) 0.02718
14| 073821 093181 ! Plat selected columns A 0.9601 0.3126¢
5] 017627 046589 0.1f  bar (x(4:17,2:3)) 072663 0.01286:
16 0.40571 0.41865 DE  imagesc (x(4:17,2:3)) 0.41195 0.3839;
17 0.93547 0.84622 0.3:  contour (x(4:17,2:3)) 0.74457 0.6831.
18] 0.9169) 052515 086 quf (x(4:17,2:3)) 0.26795  0.09284;
18|  0.41027] 020285 08 g eian7.23)) 0.43992] 0.03533
20 0.89365| 067214 085 . o 0.93338 0.612
AJ ore Plots...

22
4
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U.Ug42L70 : U.JunLl ‘U.Ul_!| !
0.57106 0.11216 0. « Plot Catalog =10l x|
(o e 4 o T T T M A 4070 m .
Chrl+¥ Plotted Variables: Ix(3:20,2:3)
Ctrl+C Categories Plot Types Description ==
Chri+v _ Line Plots
Paste Excel Data Ctrl4+Shift+Yy Stem and Stair Plots f\/\/ plot 2-D Line Graph
Insert Bar Plots B 2-D line graph using linear axes

Scatter Plots

YYectors create a single line; matrices create one line per column.
Delete... L Pie Charts 9 P

Clear Contents Delete L Histograms
Polar Plots

Contour Plots
Plot selected columns Images

bar (x(3:20,2:3)) o

imagesc (x(3:20,2:3)) I wector Fields .
. ' Analytic Plots plotted as varz vs. varl, var4 vs. var3, etc. Both variables
contour (x(3:20,2:3)) | in associated pairs must contain the same number of

Y
surf (x(3:20,2:3)) m elements.
mesh (x(3:20,2:3)) | . loglog

1 plotyy

Plotted Variables
« Single variable -- plot a vector or each column of a matrix as
one line vs. its index.

« N variahle pairs -- plot each pair of variables in the selected
sequence.

Create Yariable from Selection

semilogx

semiogy For example, the sequence varl, var2, var3, var4 is

More Information

The axes ColorOrder property determines the color of each
area line.

4
Matrix editor

See the plot reference page for more information.

errarbar

Categories @ Pt
Plot types -

/
Description and function
\
refe rences | Plot I Plot in Newv Figure Close
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Line Stem & stair Histogram Bar Pie

plot f ’T f ’T I stem m hist har . pie
L le pllilie 8
stairs @ rose barh . pie3

stem3 har

1 plotyy

semilogx

semilogy barh

Scatter Polar
.'.f.".‘.' o | scatter % | polar
scatter3 @ rose

errorbar L | spy X compass

! Y
o AT tmetris
BIEArY

loglog hist

area pareto

PR e e

o éhe
-
i

| plotmatrix




3D surfaces

meshc

meshz

waterfall

ribbon

contour3

Volumetrics

.
gk

& (0 7

'v .\vl

|
Al
1!

slice

contourslice

streamslice

streamline

streamribbon

streamtube

coneplot

Vector Fields

............

feather

compass

quiver

quiver3

streamslice

streamline

streamribbon

streamtube

coneplot

Contour

C o
F O/ L) | contour

100 gw’
Q\j contourslice

o

Images

pcolor

ezplot

ezplot3

ezpolar

ezcontour

ezcontourf

ezsurf

ezsurfc

ezmesh

ezmeshc



plot(y)

plot(X1,Y1l,...)

plot(X1l,Yl,L1ineSpec,...)

plot(..., 'PropertyName',Propertyvalue,...)

>> plot(yy,'o-") >> plot(xx,yy,'o-")
>> hold on; stem(yy); hold off >> hold on; stem(xx,yy); hold off
>> grid on

1 T T T

0.8

06

0.4

0.2

0

02r

0.4
1
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plot(x,y, 'rx-");

)N

y yellow . punto - Tinea continua

m magenta :  linea de puntos

C cyan X -. punto y raya

r red + -- linea discontinua
g green *

b blue

w white

k black

F3-|()13<:)(, >/]-! ' rq)("' y Xy )/22! ' EJ""':) ;

p-IOt(X!yls 'r'X—');
To draw a line use: hold on;
hold on p'Iot(x,yZ,'g——');

plot([x1,x2],[yl,yl], " 'k");

hold off hold off;
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xTabel('Eje X");
ylabel('Eje y");
zlabel('Eje z2');
title('Titulo de 1la grafica');
text(x,y, 'Texto en (x,y)"');

Trick: Text can use Latex expressions
title('Grafica: \alpha + x_3A2")

T :

Grafica: o + x

o

[ [ [ [
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0.2

subplot(4,2,3)
plot(rand(10,2))

0.3
0.7

1 v 1 1
02 0.4 06

0.6
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0.8

1

o
mn

0.5 1

05 1

subplot('position',[0.2,0.6,0.7,0.3])

1

0.5

05 1

05 1

0.5 1

05 1
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surf(z)
surf(X,Y,z)
surf(X,Y,z,C) colores

x=[-20,-10,-5,-2,-1,0,1,2,5,10,201/10; | v SRR F

y=x;

[X,Y]=meshgrid(x,yVy)
Z=cos (X) +cos (Y) ;

subplot(2,2,1)
surf (Z) ;
axis ([0 11 0 11 0 2])

subplot (2,2,2)
surf(x,y,2);

subplot (2,2, 3)
surf (X,Y,2);

subplot (2,2,4)
C=rand(size (Z2));
surf (X,Y,Z2,C);
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function [x,y,z]l=torus()

% Dibuja un toro
r=0.5; %radio lateral
n=30; %numero de elementos

a=1; %radio central

%$Calculo &ngulos en funcidén de la resoluciodn
theta=pi* (0:2:2*n) /n;
phi=2*pi*(0:2:n) '/n;

%Calculo y proyecto en x,vy,z.

xx=(a + r * cos(phi)) *cos (theta);
yy=(a + r * cos(phi)) *sin (theta);
zz=r * sin(phi) *ones (size (theta)); }‘j““ }“

$Dibujo la figura
ar=(a+r)/sqrt(2)*1.1;

colormap ('cool")
subplot(2,2,1); mesh(xx,vyy,zz);

axis([-ar,ar,-ar,ar,-ar,ar]);

subplot(2,2,2); surf(xx,vyy,zz);

axis([-ar,ar,-ar,ar,-ar,ar]);

subplot (2,2,3); p=surf (xx,yy,zz);
shading interp
set (p, 'EdgeColor', "k'");

axis([-ar,ar,-ar,ar,-ar,ar]);

subplot(2,2,4); surfl (xx,vyy,zz);

axis([-ar,ar,-ar,ar,-ar,ar]);

Instituto de Investigacion Tecnoldgica

Escuela Técnica Superior de Ingenieria (ICAl)
Universidad Pontificia Comillas Matlab .Course
Rafael Palacios - IIT




[X,y,z]=peaks;
surfl(x,y,z);
shading i1nterp

Punto de vista

view(azimuth,elevation)
view(-37.5, 30)

lluminacion
Tightangle(az,el)
Tightangle(90, 21.8)
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Ventana de la figura con todas las opciones activadas

) Figure 1 _ ~=10] x|
File Edit Yiew Insert Tools Desktop Window Help Y
Ded&|h|eaam®| €08 o= \ Toolbars
MK ANEE| CLEV 9 OD[EO \ —
& claa|s r[e==|\\NXTOO|Da /
W New Subplot = - - -
Create new C]ew R
2D Axes B .
subplots L 3 Axes m» Object selector
W Variables
N 60x60
c Mxt1 - -
%x 1111
. ¥ 111
Variables of %Z et
ans 1x1
workspace B v
He 1x1
Hn 1x1
He 1x1 L ]
gv B3 Add Data... |
Property Editor - Axes X
Title: x axis | v axis | z axis | Font | Inspector... |
Propertles }(Labelzl Ticks... |
*Figure colors: 'l £ '| X Limits: [-3 to |3 I~ Auto
*Axes oid MxX Vy Wz X Scale: | Linear | I Reverse
*Current Object -
00X
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Graph adjustments through menus

Flgure Toolbar

Zoom and axis

) Figure 1 =10 x|
N

File Edit View Insert Tool§ Desktop Window Help

DeEa RaNsE| DB a0
NP ad L PCLEN P ODLO
dlaale 7|===|\\\NTOO|N &

Explore values
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Controles de la camara y del punto de luz

: ~lo(x|
File Edit WYiew Igsert Tools Desktop Window Help ~

0 “Eé/%IQQWOIElDE\E@

NS A4 E2) L[E |9 DO

F2zlAAlB 7|=E=s=\\\NTOO|H &

Graph adjustments through menus

Camera Toolbar

Detener la rotacion animada
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Formato de los textos

=10l ]

File Edit View Igisert Tools Desktop Window Help

Dwné/rm@lawow%m@m@

NS addF L9 HADLO
&(/|AA|B 1|§E?/(\\\\T|:|j|4:s$

Graph adjustments through menus

Plot edlt Toolbar

Objetos para dibujar
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- Todas las propiedades de cada objeto del grafico
(figura, ejes, elemento grafico,...) estan guardadas
en "handles"

* gcf —>current figure, gca ->current axis

* get(handle) muestra todos las propiedades que se
pueden cambiar

 set(handle, 'PropertyName', 'value',...) cambia
propiedades

- Ejemplo:
set(gca, 'Xtick',[1 2 3 4 5 6]);
set(gca, 'XtickLabel',['ene'; 'feb'; 'mar';"abr'; 'may'; " "'jun']);
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+ Using the menu
— File/Save As - fig, .eps, .png, .jpeg, .bmp, .pcx, tiff
— File/Generate M file

Esta opcion nos permite ver qué comandos se utilizan para crear
las modificaciones que hemos realizado por menu

» Using commands
— hgsave my_fig - my_fig.fig Can be loaded using hgload

— save the figure as an image
e print -depsc -tiff -r300 archivo
e print -dpng -r150 archivo
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- There are two ways to create animations:
— Offline: generate a movie, save it, watch the movie with a player.
— On-Line: draw a sequence of graph in Matlab

- To create a movie:

— getframe, movie

for k = 1:16
plot(fft(eye(k+16)))
axis equal
M(k) = getframe;
end
movie(M,1); %play the movie
movieZ2avi(M, 'mi_peli', 'fps',1);

T &

mi_peli.avi

® & N O N B ® ®©
B F AR S |
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Introduction to Matlab.
Basic data types.
Matlab programming.
Advanced data types.
Code Optimization.

N o~ 0N =

nsti
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- Converts Matlab code to C and generates an
executable independent from Matlab

— The program created does not require a Matlab
license to work

— It may execute faster (not always)
— Compiler works with functions, not scripts

Installation (only the first time)

mbuild -setup

Command to compile

mcc -m prueba.m
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- Compiler can be used to create:
— Independent application: mcc -m filel.m
— Library funcions: mcc -1 filel.m
— COM object (component object model)
— Excel Add-in
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* In order to install an application in a computer without
Matlab:

— Copy the following files:

prueba.exe

prueba.ctf
<matlabroot>\toolbox\compiler\deploy\win32\MCRInstaller.exe

— In the destination:
* Install mcrinstaller in directory c:\mcr (for example)
« Check that c:\mMcr\runtime\win32 is part of PATH
« Copy prueba.exe and prueba.ctf to any directory.
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« Use guide from Matlab

& ejemploGULfig =10] x|
File Edit View Layout Tools Help

D@ E| 4 BER o o~

\ —Measures

% B

B9 >

1

Units

® |z »
i

Density(D): 0 lbfcuin | —| @ English Unit System
%) S, Unit System
o Yolume(V): 0 cuin
ED|T | THET I I I
I 1 1
==| = Mass(D*V): 0 b Calculate I Reset
i

—

Object to draw

|5
|

[

]

Application
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- Each object has some attributes
and a callback function

& ejemploGULfig

File Edit View Layout Tools Help

=10l x|

%‘, Property Inspector

uicontrol (calculate "Calculate™)

D@ d| % Bl o o

A ET A

T

—~Measures

Yolume(W):

£ Mass(D*V):

0 cuin

0

—| Density(D): I 0 Ibicuin

(4]

/ T

Units

—| & Engflish Unit System

" 5 Unit System

N

FECFREIDEE
Al

I 1 I I

Calculate | Reset
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— HorizontalAlignment
— Interruptible

— KeyPressFcn

— ListhoxTop

— Max

— Min

r— Position

— SelectionHighlight
r— SliderStep

— String

— Style

— Tag

— ToaltipString

#— BackgroundColor <) [ — |
— BeingDeleted off

— BusyAction ﬂ queue

— ButtonDownFcn

— CData Ej [1%0 douhble arra

— Callback ejemplono,[].g
— Clipping :I on

— CreateFcn

— DeleteFcn

— Enable >|on

v Extent [000.120.129)

— FontAngle = normal

— FontName MS Sans Serif

— FontSize 8.0

— FontUnits j points

— FontWeight j normal

# ForegroundColor O

— Handlevisibility >|on

— HitTest :l on

:I center
;I on

0.0

1.0

0.0

[0.603 0.062 0.165 0.169)]
~]on

[0.010.1]
= calculate
j pushhutton

calculate




- Guide generates a .m file ready to insert your application
code

H Editor - C:\MATLAB701'work’ejemploGULm =10 x|
File Edit Text Cell Tools Debug Deskiop Window Help N | 2 X

D E| 2B« | S(dr| R0 BRE DA skl -] [0~
O BBE| Fo_+]rfr x|

-—-— Executes on button press in calculate. ;I
148 function calculate Callback(hObject, eventdata, handles)
149 % hObject handle to calculate (see GCEOQ)
150 % eventdata reserved - to be defined in a future wversion of MATLAEB
151 % handles structure with handles and user data (see GUIDATAL)
152
153 = mass = handles.metricdata.density * handles.metricdata.volume; d
154 = set (handles.mass, 'String', mass):
155
v
1C& e Fvarcrntas anv bt tron nryracos in raoot
Rl | _'IJ

|ejempIoGUI I wolume_Callback |Ln 138 Col 17 |OVR Y/

In general it is recommended to keep computing code isolated from
interface functions
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 Direct data acquisition
— Database toolbox
— Data Acquisition toolbox
— Image Acquisition toolbox

- Data from files
— xlsread, load, textscan (numbers)
— auread, wavread (sound)
— imread (image)
— aviread (movie)
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External communications

» External programs

— Matlab calls other programs
e system, dos, unix
— Matlab calls functions developed in different
programming languages
« Create a MEX (#include "mex.h")
- Matlab call the function is if it were a .m

— Excel calls matlab
« Excel Link toolbox

— Any program calls matlab avoiding the interface
e matlab —-nodisplay -m programa
e matlab -nodesktop -m programa
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« Useful recommendations

— Document functions:
» Description
* Input arguments
 Output results
- Example on how to use the function
- Remarks/limitations

— Keep you computing code independent of the
interface code. Better for debugging, improving
performance and to update the interface.

— Create sections with comment of type %%
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- Matlab 7 and latter can generate documentation
automatically.

— Generates HTML, XML, LaTeX, Word y Power Point.
— It uses the comments %%

 Procedure:
— Activate "cell mode" with Cell/Enable Cell Mode
— Select File/Publish to HTML

— Matlab will execute the script and will generate a
document with your code and the graphical results
created on each section.
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File Edit Text Cell Tools Debug Desktop Window Help

Ejemplo: script torus.m

=1olx]|

v |a x

DS H|i{aBv «|(S|ar|alBalRa|= - O

BB B| -Jo 1+ |t x |&&

sconvierto a script para generar documentacion
zfunction [X,¥,z2]=torus()

% Dibuja un toro

o

r=0.5; %radio lateral
— n=30; %numero de elementos
- a=1; %radio central

L= N - € B
I

%% Calculo angulos en funcién de la resolucién
10 - theta=pi*(0:2:2%n)/n;
11 - phi=2*pi*(0:2:n)'/n;

13 %% Calculo y proyecto en x,y,z.

14 - xx={(a + r * cos(phi))*cositheta):

15 - vyy={(a + r * cosiphi)) *sinitheta);

16 -= =zz=r * sin(phi) *ones(size(theta)):

17

18 %% Dibujo mesh

19 -  ar={atr)/sqrti2)*1.1;

20 - colormap('cool')

21 - subplot(2,2,1); mesh(xx,¥y,zz); axis([-ar,ar,-ar,ar
22

23 %% Dibujo Superficie

24 - subplot(2,2,2); surf(xx,vyy,22); axis([-ar,ar,-ar,ar
25

26 %% Dibujo con interpolacién de colores

27 = subplot(2,2,3):; p=surf(xx,yy,zz):;

28 = shading interp

29 - set(p,'EdgeColor','k'):

30 - axis([-ar,ar,-ar,ar,-ar,ar])’

31

32 %% Dibujo con iluminacién

33 - subploti2,2,4); surflixx,yy,zz); axis([-ar,ar,-ar,a
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Caleulo éngulos en fimeidn de la resolucidn
Caleulo y proyecto en X3,z

Dibujo mesh

Dibujo Superficie

Dibujo con mtexpo]ac)on de cobres

Dibujo con

Rcomnerto a script para generar dooumentacion
¥fumction Loy, zl=tarwO

r=0 5; Nradio lateral
“Nrwimero de elamentas
a::, Araho central

Calculo dngulos en funcion de la resolucion
the ta=pi 2(0:2:2%; -DI'S
phi2%pi 2(0:2:0) " /n;

Calculo y proyecto en x.4.2.

3w=G o r * cas(phid))tsin(the q‘)
zz=r * sinCohiD*ane sCsizeCthe O3;

Dibujo mesh

vw)lﬂ'm‘l 1;
<ol armapC cool > i
Subpl ot 2, 2,10; meshGooc, w, z2; e sCl-ar, ar, -ar ,ar ,-ar , ar1;

subpl ot 2,2,2); sarfOoc,uv, =); axis([-ar,ar, -ar,ar,-ar,ar1);

Dibujo con interpolacion de colores

Dibujo con ifuminacid

SUbpl o2, 2,9); St Qocuy,z2); axasUl-ar,ar,-ar,ar, -ar arl);
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On Llne resources

. Mathworks website
http://www.mathworks.com/support/

— Documentation

— Support. Sorted by categories
— Sample code

— News

— Software updates

- Matlab Central
— Newsgroups
— File Exchange
— Link Exchange

- Technical support by email
— You need to provide your active license code.
— You must describe platform, operating system, etc.
— Be very specific with your problem.
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